Mast cells and basophils, the only cells expressing highaffinity receptors (FcεRI) for immunoglobulin E (IgE) and synthesizing histamine, are widely recognized as effector cells in several inflammatory disorders (18, 40, 41) . Mast cells play a fundamental role in the pathophysiology of inflammatory diseases through the elaboration and release of a myriad of proinflammatory (13, 41, 45) and immunoregulatory molecules (5, 17, 64) , and they express a wide spectrum of surface receptors for cytokines and chemokines (8, 53) . Mast cells are present in the human heart (2, 46) , around coronary arteries (15, 29) , and in atherosclerotic plaques (27, 28) . Human heart mast cells (HHMC) have been implicated in the pathophysiology of coronary artery diseases (9, 29) , eosinophil myocarditis (14, 47) , and dilated cardiomyopathy (48) .
Infections and cardiovascular diseases are the most common causes of mortality and morbidity in humans (35) . Mast cells are widely distributed in all vascularized tissues, including the heart (2, 18, 46) . The strategic location of these cells within and around blood vessels and their ability to release inflammatory mediators (18, 40, 41) , cytokines (5, 17, 19) , and chemokines (64) suggest that they might be implicated in bacterial infections. In addition, mast cells have been preserved through evolution (7) and are probably essential for natural and acquired immunity (32, 36, 51) . Although an association has been reported between bacterial infections and the development of cardiovascular diseases (1, 20, 24, 34, 43) , the mechanisms by which infectious agents can contribute to these diseases are still largely unknown (11, 21) .
Mast cells tend to accumulate at sites of chronic bacterial infection and can phagocytize bacteria (37) . Intact bacteria and their products can activate human FcεRI ϩ cells to release proinflammatory mediators and cytokines through diverse mechanisms (32, 36, 38, 39, 44, 51) . We have established a technique for the efficient dispersion of mast cells from human heart tissue and identified some of the immunological and nonimmunological stimuli that induce HHMC to release vasoactive and proinflammatory mediators in vitro (46, 47) . The experiments described here were designed to investigate the mechanism by which the bacterial Ig-binding proteins A and L activate HHMC to release preformed and de novo-synthesized mediators.
tively) of the anaerobic bacterial species Peptostreptococcus magnus were obtained as described elsewhere (42, 44) . The binding properties of protein L have been described previously (42) . Proteins A and G were from Pharmacia Fine Chemicals. Protein A (1 mg/ml) was iodinated with KI in the presence of chloramine T (1.6 mg/ml), and the reaction was stopped by the addition of sodium metabisulfite (4.8 mg/ml) as described elsewhere (39) .
Purification of human monoclonal IgE and IgM. IgE myeloma proteins were purified from the sera of three myeloma patients by repeated gel filtration on Sephadex G-200, followed by elution through a Sepharose CL-4B column (39, 54) . RIA showed no IgG, IgM, or IgA contamination. Monoclonal IgM antibodies were purified from the sera of patients with Waldenström's macroglobulinemia by gel permeation as described elsewhere (49) . Variable regions of these monoclonal IgM antibodies were determined using a well-characterized panel of primary sequence-dependent V H and V K family-specific reagents that identify framework regions (49) .
Purification of HIgG and RIgG. Human polyclonal IgG (HIgG) and rabbit polyclonal IgG (RIgG) were purified by precipitation of normal human or rabbit serum with 50% saturated ammonium sulfate followed by chromatography as described elsewhere (39) .
Isolation and partial purification of HHMC. The heart tissue used in this study was obtained from patients (29 to 65 years old) undergoing heart transplantation at the Deutsches Herzzentrum (Berlin, Germany), mostly for cardiomyopathy, and from donors without cardiovascular disease who had died in car accidents. The explanted heart was immediately immersed in cold (4°C) cardioplegic solution and processed within 5 to 18 h of removal. The heart tissue (100 to 600 g) was dissected to separate the left and right ventricles and the septum. Fat tissue, large vessels, and pericardium were removed. The tissue was finely minced (2-to 5-mm fragments), suspended in P buffer (10 ml/g of wet tissue), and washed three times by centrifugation (once at 150 ϫ g at 4°C for 8 min; then twice at 150 ϫ g at 22°C for 8 min). After each centrifugation, the heart fragments were filtered through 150-m-pore-size Nytex cloth (Tetko, Elmsford, N.Y.). Fragments were incubated (15 min, 37°C) under constant stirring in P buffer containing 10 mg of collagenase/g of wet tissue. At the end of the first incubation, the cell suspension was filtered through 150-m-pore-size Nytex cloth. The residual tissue was weighed, and three further cycles of enzymatic digestion were performed, using a new preparation of collagenase each time. After the last enzymatic digestion, the cell suspension was centrifuged (150 ϫ g, 22°C, 8 min) and filtered first through 150-m-pore-size Nytex cloth and then through 60-m-pore-size Nytex cloth to remove large particles and large cells (mostly myocytes). Finally, cells were washed twice in PGMD (25 mM P, 110 mM NaCl, 1 mM Mg, 1 g of gelatin per liter, 20 mg of DNase per ml [pH 7.37]) by centrifugation (150 ϫ g, 22°C, 8 min). At this stage of the procedure, Alcian blue-positive cells (mast cells) accounted for Ͻ0.1% of total cells (46, 47) . Cell pellets were resuspended in 250 ml of P buffer containing 2% bovine serum albumin and centrifuged (25 ϫ g, 22°C, 2 min) to remove sedimented myocytes. Myocytes (Ͼ100 m long) were pelleted and discarded; supernatants containing endothelial cells, fibroblasts, and mast cells were then collected and centrifuged (150 ϫ g, 22°C, 8 min). HHMC were partially purified by flotation through a discontinuous Percoll gradient as detailed elsewhere (46) . The enzymatic dispersion of tissue yields Ϸ5 ϫ 10 4 mast cells/g of heart tissue. Short-term (Ϸ16-h) cultures of HHMC were prepared by resuspending 2 ϫ 10 6 to 5 ϫ 10 6 cells/ml in a solution of RPMI 1640 containing 25 mM HEPES, 1% penicillin-streptomycin solution, 2 mM L-glutamine, and 10% fetal calf serum at 37°C in humidified 95% air-5% CO 2 . The viability of mast cells was routinely evaluated by trypan blue exclusion and was always Ͼ95% (46, 47) .
Solid-phase protein binding assay. The ability of protein A and hyperiodinated protein A to react with RIgG, HIgG, and human monoclonal IgM was evaluated by a solid-phase binding assay as described elsewhere (39) .
Histamine release assay. Cells (Ϸ3 ϫ 10 4 HHMC/tube) were resuspended in PCG, and 0.3 ml of the cell suspension was placed in 12-by 75-mm polyethylene tubes and warmed to 37°C; 0.2 ml of each prewarmed releasing stimulus was added, and incubation was continued at 37°C for 30 min (46) . At the end of this step, the reaction was stopped by centrifugation (1,000 ϫ g, 22°C, 2 min), and the cell-free supernatants were stored at Ϫ80°C for subsequent assay of histamine, tryptase, and LTC 4 content. Histamine was assayed with an automated fluorometric technique (57) . To calculate histamine release as a percentage of total cellular histamine, the spontaneous release from mast cells (3 to 10% of the total cellular histamine) was subtracted from both numerator and denominator (53) . The total histamine content in mast cells was obtained by cell lysis with 8% HC1O 4 (49) . All values are based on the means of duplicate or triplicate determinations. Replicates differed from each other by less than 10% in histamine content.
RIA of tryptase and LTC 4 . Total tryptase was assessed by lysis induced by incubating cells with 100 l of Triton X-100 (0.1%). Tryptase was assayed by a solid-phase RIA (Pharmacia Tryptase RIACT 50) (48) . LTC 4 was analyzed on 100-l fractions taken from the supernatant fluids. The samples were stored at Ϫ80°C. LTC 4 was measured by RIA within 24 h of the experiment to minimize degradation of the compound (48) .
LDH assay. To test whether protein A, protein L, protein G, and pepstatin A have cytotoxic effects on HHMC, lactate dehydrogenase (LDH) activity was determined in the supernatants of HHMC. The cell-free supernatants were collected, and the concentrations of LDH were measured as previously described (47) . None of stimuli used in these experiments caused LDH release in the supernatants of HHMC after incubation for 30 min at 37°C.
Statistical analysis. The results are the means Ϯ the standard errors of the means (SEM). Student's t test with Bonferroni's correction was used for multiple comparisons between groups. The data subjected to linear regression were calculated by the least-squares method (y ϭ a ϩ b x) in which a was the xy axis intercept and b was the slope of the line. The level of statistical significance was P Ͻ 0.05 (59) .
RESULTS

Effect of S. aureus Cowan 1 and Wood 46 and of protein A on
histamine release from HHMC. S. aureus is one of the most common pathogens to cause endocarditis and toxic shock syndrome (34, 35) . The majority of clinical isolates of S. aureus synthesize protein A, a 45-kDa bacterial cell wall protein which has unique Ig-binding properties. Protein A has a classical site that binds to Fc␥, a constant region of IgG (16) , and an alternative site that binds the Fab portion of 15 to 50% of human polyclonal IgM, IgA, IgG, and IgE (26) . Increasing numbers of S. aureus Cowan 1 (3 ϫ 10 6 to 10 8 staphylococci per tube), which synthesize protein A, induced gradual increases in histamine release from HHMC ( was only slightly reduced by hyperiodination (10 g of KI/10 g of protein A) (Fig. 3A) . This treatment abolished the ability of protein A to react with RIgG, which shows only Fc␥-protein A reactivity, and strongly reduced its reactivity with HIgG, which possesses both Fc␥ and F(abЈ) 2 reactivity (23, 52) (Fig.  3B ). Binding of human monoclonal IgM V H 3 ϩ was not affected by this treatment. These findings suggest that activation of HHMC induced by protein A is not mediated by interaction through the classical site of the protein.
The alternative F(ab) 2 -binding site on protein A is responsible for S. aureus Cowan 1-induced activation of HHMC. We investigated how the F(abЈ) 2 -binding regions of protein A affect the activation of HHMC induced by protein A-containing S. aureus. We first studied the effect on protein A-induced HHMC activation of molecules that show only Fc␥-protein A reactivity, such as RIgG, and those with both Fc␥ and F(abЈ) 2 reactivity, such as HIgG (23, 52) . HIgG dose dependently inhibited protein A-induced histamine release, whereas RIgG, which does not bind the alternative site of protein A (25) , had no such effect (Fig. 4A) . In a parallel series of experiments, we tried to inhibit selectively the Fc␥ and F(abЈ) 2 reactivity of intact S. aureus Cowan 1 by preincubation with the same Igs. The results were similar to those obtained with protein A (data not shown). These findings indicate that both protein A and protein A-expressing S. aureus induce histamine release by binding Igs bound to FcεRI on HHMC through the alternative site.
Protein A induces mediator release from HHMC by interaction with the V H 3 region of Igs. We further examined the structural basis for the interaction between human Igs and protein A. The specificity of alternative binding site(s) of protein with human Igs is encoded by the germ line sequences of many of the commonly expressed V H 3 genes (23, 52) . To assess the mechanism by which protein A activates HHMC, the protein was preincubated with monoclonal IgM of different V H families (49) . In three experiments, preincubation of HHMC with three preparations of monoclonal IgM (M3, M11, and LAN), which possess a V H 3 domain, concentration dependently inhibited the histamine-releasing activity of protein A (Fig. 4B) . In contrast, a monoclonal IgM (M14) which has a V H 6 domain had no such effect. These results suggest that binding to the V H 3 domain inhibits the binding of protein A to IgE bound to FcεRI on HHMC.
Cross-desensitization between protein A and anti-IgE. We examined the relationship between anti-IgE and protein A by cross-desensitization between anti-IgE and protein A. AntiIgE activates mast cells to release histamine by binding to the Fcε portion of the IgE molecule on the cell membrane (13, 45, 46) . HHMC were treated with anti-IgE (3 g/ml) or protein A (200 nM) in P-EDTA for 30 min at 37°C. At the end of incubation, cells were washed and suspended in PCG. Cells preincubated with P buffer and then challenged with anti-IgE released histamine, whereas cells preincubated with anti-IgE released less than 5% histamine. Cells desensitized to protein A released Ϸ90% less histamine than control cells. In reverse experiment, cells were preincubated with protein A or anti-IgE in P-EDTA before challenge with protein A. As expected, when protein A-pretreated cells were challenged with protein A, they had lost their ability to release with the homologous stimulus (Fig. 5) . Similar results were obtained in two other experiments. Thus, it appears that the releasing activity of protein A is mediated mainly by interaction with IgE present on the mast cell membrane (18, 40, 41) .
Effect of IgE stripping on protein A-induced histamine release from HHMC. A second line of evidence that protein A induces histamine release by binding to IgE comes from the finding that protein A does not induce histamine release from HHMC stripped of IgE from FcεRI by brief exposure to low pH (44) . Figure 6 illustrates the representative results of one of three experiments showing that lactic acid-induced dissociation of IgE from mast cells completely eliminated anti-IgE secretion and markedly reduced protein A-induced release from HHMC. In contrast, this treatment did not affect the response to a monoclonal antibody cross-linking the ␣ chain of FcεRI (anti-FcεRI␣) (46) .
Effect of P. magnus on histamine release from HHMC. P. magnus is an anaerobic bacterium expressing a cell wall protein L that binds human Ig molecules, regardless of the heavy-chain class, through high-affinity interaction with Ig light chains and is thus an Ig superantigen (42, 56) . The Ig-binding activity is mediated through five highly homologous domains, which in- teract with framework regions in the variable domain of Ig light chains (3, 63) . P. magnus is part of the indigenous flora of the skin, the oral cavity, and the gastrointestinal and genitourinary tracts. However, these bacteria are also the causative agents in a variety of infections, including endocarditis and cardiac abscesses (50) . Given the correlation between protein L expression and P. magnus virulence (30), we investigated the effects on histamine release from HHMC of increasing numbers of two strains of P. magnus, one that synthesizes protein L (strain 312) and one that does not (strain 644). Protein L binds with high affinity predominantly to L chains (4, 42) , and this interaction involves exclusively the V L portion of Igs (42) . With strain 312 peptostreptococci in a range from 10 6 to 3 ϫ 10 (Fig. 7) . HHMC were also treated with protein L (1 to 300 nM), which induced concentration-dependent histamine release. A significant correlation was found between the maximal percent histamine release induced by protein L and that induced by peptostreptococcal strain 312. These findings suggest that protein L is responsible for the activation of basophils by P. magnus strain 312.
Comparison of effects of protein L, protein A, and protein G with anti-IgE-induced histamine release from HHMC. In eight experiments, HHMC were challenged with a wide range of concentrations of protein A (60 to 600 nM), protein L (10 to 100 nM), protein G (10 to 600 nM), and anti-IgE (3 ϫ 10 Ϫ1 to 3 g/ml). Protein G is the IgG-binding protein of group C and G streptococci (4, 42) . Protein G binds to the C H 2-C H 3 interface region of human IgG Fc (4, 42) . Proteins A and L and anti-IgE concentration dependently induced histamine release from HHMC, protein L and anti-IgE being significantly more potent than protein A. In fact, the maximal protein A-induced histamine secretion was significantly lower (12.3% Ϯ 1.8%) than that caused by protein L (18.6% Ϯ 3.1%; P Ͻ 0.05) and anti-IgE (17.0% Ϯ 2.3%; P Ͻ 0.05). HHMC were essentially unresponsive to protein G, which binds exclusively to IgG (4, 16) .
Cross-desensitization between protein L and anti-IgE. We tested anti-IgE and protein L for cross-desensitization. The results of one of three experiments are illustrated in Fig. 8 . HHMC were preincubated with anti-IgE (3 g/ml) or protein L (100 nM) in P-EDTA for 30 min at 37°C; then the cells were washed, resuspended in PCG, and challenged with anti-IgE, protein L, or C5a. Cells preincubated with protein L released Ϸ20% of their histamine content when challenged with antiIgE (1 g/ml) or protein L (30 nM). Similarly, HHMC preincubated with anti-IgE released less than 5% of their histamine content in response to either challenge. In contrast, cells preincubated with anti-IgE or protein L were not desensitized in response to challenge with C5a, which activates a receptor independent of the IgE receptor on HHMC (46, 47) . These results are consistent with the hypothesis that the releasing property of protein L is mediated by interaction with IgE on the mast cell surface.
Interactions between protein L or anti-IgE and different IgE myeloma proteins. The binding specificity of protein L is directed to the L chains of Ig, and the affinity constant for IgG, IgA, and IgM is around 10 10 M Ϫ1 (3, 4) . Protein L contains multiple -binding domains (31) , making this bacterial product similar to the divalent anti-IgE antibodies (13, 45) . In contrast to chains, protein L binds light chains poorly or not at all (42) . To evaluate the mechanism of activation of HHMC by protein L, we preincubated protein L or anti-IgE with three different IgE myelomas, designated PS, ADZ, and PP. IgE myelomas PS and PP have L chains, whereas IgE myeloma ADZ has chains (39, 54) . IgE purified from all three sources (3 g/ml) blocked the histamine-releasing activating of antiIgE. IgE purified from myelomas PS and PP ( chains) did not modify the histamine-releasing activity of protein L, whereas IgE from myeloma ADZ ( chains) completely blocked the releasing activity of protein L (Fig. 9) .
Effect of protein A and protein L on LTC 4 synthesis from HHMC. HHMC challenged with anti-IgE synthesize de novo LTC 4 (46, 47) , a proinflammatory mediator with vasoactive and biological properties (22, 61) . Protein L and protein A acted as complete secretagogues because they too caused the de novo synthesis of LTC 4 by HHMC. Table 1 
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IgE. As previously shown (46), anti-IgE induced concentration-dependent de novo synthesis of LTC 4 , and of histamine. Protein L and protein A also induced the synthesis of LTC 4 .
There was a significant correlation between the percent histamine secretion and the release of LTC 4 by anti-IgE (r ϭ 0.84; P Ͻ 0.01), protein L (r ϭ 0.78; P Ͻ 0.01), and protein A (r ϭ 0.91; P Ͻ 0.01) from HHMC. Correlation between histamine and tryptase release from HHMC induced by protein A and protein L. HHMC secretory granules contain tryptase, a neutral protease that can be immunologically released (46) (47) (48) . We investigated whether histamine release was correlated to the secretion of tryptase induced by protein A and protein L (Fig. 10) and found a significant correlation between the maximum histamine and tryptase release (r ϭ 0.68; P Ͻ 0.01). These findings indicate that protein A and protein L release tryptase in parallel with histamine from HHMC.
Effect of FMLP and pepstatin A on HHMC.
Previous studies have reported a remarkable degree of selectivity of bacterial products in their capacity to induce the release of mediators from human basophils or mast cells. For example, pepstatin A, a pentapeptide isolated from cultures of actinomycetes (38) , and the bacterial formylated tripeptide FMLP activate a specific seven-transmembrane receptor independent of the FcεRI on human basophils (12) . FMLP and pepstatin A selectively induce the release of chemical mediators from human basophils (12, 38) but not from human lung mast cells (6) . In six experiments, we investigated the effects of FMLP (10 Ϫ8 to 10 Ϫ5 M) and pepstatin A (10 Ϫ8 to 10 Ϫ5 M) on histamine and LTC 4 release from HHMC. FMLP and pepstatin A did not induce histamine release or the de novo synthesis of LTC 4 from HHMC in any experiment (data not shown). These results underline the immunological heterogeneity of HHMC in response to different bacterial products.
DISCUSSION
This study demonstrates that two bacterial products, protein A of S. aureus and protein L of P. magnus, induce the release of preformed and de novo-synthesized vasoactive and proinflammatory mediators from mast cells isolated from human heart tissue. We also demonstrate that the protein A-containing bacterial strain S. aureus Cowan 1 and the protein Lcontaining P. magnus induce mediator release from HHMC. Protein A's releasing activity appears to be mediated by interaction with the V H 3 region of IgE on HHMC, whereas the activity of protein L is mediated by interaction with the light chain of human IgE. This is the first demonstration that bacterial products and intact bacteria can activate HHMC in vitro to release preformed and de novo-synthesized proinflammatory mediators.
The releasing activity of protein A and S. aureus Cowan 1 appears to be mediated by interaction of the alternative F(abЈ) 2 -binding site with IgE present on HHMC. This is borne out by the lack of effect of hyperiodination of protein A, which selectively alters the Fc␥-binding region of the protein, and by the correlation between the maximum histamine release induced by anti-IgE and that induced by protein A. In addition, there was complete cross-desensitization between protein A and anti-IgE. Finally, HHMC from which IgE had been dissociated by brief exposure to lactic acid no longer released histamine in response to protein A and anti-IgE. In contrast, this treatment did not affect the response to a monoclonal antibody FIG. 9 . Effect of preincubation of protein L and anti-IgE with monoclonal IgE on histamine release from HHMC. Protein L (10 nM) or anti-IgE (1 g/ml) was preincubated for 15 min at 37°C with human monoclonal IgE (3 g/ml), PS (3 g/ml), or PP (3 g/ml). HHMC were then added, and incubation continued for another 30 min at 37°C. Each bar shows the mean Ϯ SEM. Error bars are not shown when graphically too small. ϩ had no effect. This suggests that protein A's releasing activity depends on binding to an Ig structure located in the V H 3 domain, a fragment common to all Ig classes and subclasses (23, 25, 52, 56) . The releasing activity of protein L-containing bacteria, such as P. magnus strain 312, and soluble protein L appears to be mediated by interaction with IgE present on HHMC. This is borne out by the observation that protein L binds with high affinity (Ϸ10 10 M Ϫ1 ) to all human Ig isotypes (3, 42, 63) . In addition, there is a highly significant correlation between the maximal percent histamine release induced by anti-IgE and by protein L and complete cross-desensitization between protein L and antiIgE. Finally, two IgE myeloma proteins (PS and PP), which both possess a chain, did not prevent the release of histamine induced by protein L from HHMC, whereas IgE myeloma ADZ (which has chains) blocked this release. These results indicate that protein L interacts with the light chain of IgE on the cardiac mast cell to induce the release of vasoactive and proinflammatory mediators. In conclusion, the data show that protein A and protein L act as Ig superantigens by activating HHMC in vitro.
The various proteins expressed by different bacteria vary widely in the ability to promote the release of proinflammatory mediators from human FcεRI ϩ cells. Protein G, synthesized by streptococci, binds with high affinity to all isotypes of human IgG (4) but did not activate either basophils (39) or HHMC. Moreover, the bacterial products FMLP and pepstatin A, which activate a specific seven-transmembrane receptor independent of the FcεRI on human basophils (12, 38) , did not activate HHMC. These findings indicate that different bacterial products selectively activate human basophils and mast cells through specific mechanisms.
Given the biological importance of mast cell-derived mediators such as histamine (33, 62) , tryptase (55) , and cysteinyl leukotrienes (22, 61) in heart pathophysiology, our findings might explain how some bacterial products cause tissue damage in the heart and coronary vessels of patients with infections. Proteins A and L are complete secretagogues, capable not only of releasing preformed mediators (histamine and tryptase) but also of inducing the de novo synthesis of LTC 4 from HHMC. In vivo administration of cysteinyl leukotrienes can increase coronary vascular resistance in humans (58) . Given the biological importance of leukotrienes in inflammation and cardiovascular pathophysiology (22, 58) , this finding could have biological and clinical relevance. Tryptase, a neutral protease present in the cytoplasmic granules of HHMC (46) (47) (48) , can activate complement, leading to the formation of anaphylatoxins (C3a and C5a) (55) . C5a receptors are present on HHMC, and their engagement by C5a leads to HHMC activation and the release of proinflammatory mediators (46) . Mast cells are found in human heart tissue (2, 46), perivascularly (29) , and in the intima of coronary arteries (9, 15, 27, 29) . Therefore, the release of preformed and de novo-synthesized mediators caused by certain bacterial products from HHMC might act as an amplification factor, contributing to the pathogenesis of myocardial damage in patients with bacterial infections.
Our data provide the first indication that intact bacteria and soluble bacterial products specifically activate HHMC, thus acting as Ig superantigens (56) . Human mast cells synthesize a still-growing list of proinflammatory mediators (41, 45) , cytokines, and chemokines (5, 19, 64) , thus playing a much more complex proinflammatory and immunoregulatory role than previously believed. Recent studies have yielded circumstantial evidence linking cardiovascular diseases with bacterial infections (1, 20, 24, 43) . However, the mechanisms by which bacteria might cause cardiovascular diseases in humans are largely unknown (11, 21) .
Interestingly, protein L and A both activate HHMC through an interaction with membrane-bound IgE on these cells, although with different types of Fab specificity. It is intriguing that patients with coronary heart disease may have high serum IgE levels (10, 60) . The mechanism of HHMC activation by Ig-binding bacterial proteins could serve as a new model for the pathogenetic link between bacterial infections, IgE-mediated activation of HHMC, and cardiovascular diseases. In conclusion, we demonstrate that S. aureus Cowan 1 and soluble protein A can activate HHMC to release mediators, by interacting with the V H 3 region of IgE. Protein L and P. magnus activate HHMC through a specific interaction with light chains of IgE bound on HHMC. Thus, certain bacterial products can act as Ig superantigens activating HHMC.
